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Abstract:  Twenty  grey  duiker  {Sylvicapra  grimmia)  were  blow-darted  with  a  combination  of 
ketamine  and  xylazine,  resulting  in  a  level  of  sedation  adequate  for  capture  and  minor  procedures 
in  13 of  them  (mean  dosages:  ketamine,  13.4 mg/kg;  xylazine,  16.8 mg/kg).  Sedation  was  judged 
to  be  inadequate  in  seven  duikers  (mean  dosages:  ketamine,  9.14  mg/kg;  xylazine,  11.4  mg/kg). 
Sedation  was  reversed  with  atipamezole  (mean  dosage:  1.1  mg/kg)  given  as  a  split  dose  i.v.  and 
i.m.  in  19  duikers,  resulting  in  variable  reversal  of  sedation.  Complications  included  inadequate 
sedation,  trauma,  hyperthermia,  bradycardia,  slow  recovery,  and  one  death. 
Key  words:  Grey  duiker,  Sylvicapra  grimmia,  anesthesia,  ketamine,  xylazine,  atipamezole. 
INTRODUCTION 
Duikers  are  a  group  of  16  species  of  an 
telope  found  throughout  Africa.  They  range 
in  size  from  3-4  kg  the  (blue  duiker  [Ce 
phalophus  mont?cola])  to  80  kg  (yellow 
backed  duiker  [Cephalophus  sylvicultor]). 
Several  species,  such  as  Jentink's  duiker 
and  the  blue  duiker,  are  in  danger  of  ex 
tinction  as  a  result  of  hunting  and  destruc 
tion  of  forest  habitats.113  Duikers  are  an  im 
portant  source  of  bush  meat  for  many  Af 
ricans  and  are  considered  potentially  useful 
as  a  sustainable  source  of  meat  protein.11 
The  grey  duiker  {Sylvicapra  grimmia)  is 
found  throughout  Africa  south  of  the  Sa 
hara  and  inhabits  open  savannah  grasslands 
but  not  dense  forest.2 
Manual  restraint  of  male  duikers  can  be 
dangerous  due  to  the  possibility  of  injury 
from  their  10-cm-long,  sharp  horns.15  Re 
ports  of  chemical  immobilization  of  the 
grey  duiker  describe  the  use  of  a  combi 
nation  of  etorphine  hydrochloride  (M99, 
C-Vet,  Minster  Hoose,  Bury  St.  Edmonds, 
Suffolk  1P33  35U,  UK)  (0.03  mg/kg)  or 
fentanyl  (Sublimaze,  Janssen  Pharmaceuti 
cal  Ltd.,  Grove  Wantage,  Oxfordshire 
OX12  ODQ,  UK)  (0.3-0.5  mg/kg)  with  xy 
lazine  hydrochloride  (Rompun,  Bayer  UK 
Ltd.,  Newbury,  Berkshire  R613  15A,  UK) 
(0.4-0.8  mg/kg)  (Namibian  Game  Capture 
Unit,  unpubl.  data).  Etorphine  used  alone 
requires  a  total  dose  of  0.3-0.4  mg  in  an 
adult  grey  duiker  and  can  be  used  in  con 
junction  with  chlorpromazine  hydrochlo 
ride  (Langactil,  Rh?ne-Poulenc  Rorer  Ltd., 
Eastbourne,  East  Sussex  BN21  3YG,  UK) 
if  animals  are  to  be  moved  long  distances.15 
Haloperidol  (Haldol,  Janssen  Pharmaceuti 
cal  Ltd.)  (0.45  mg/kg)  has  been  reported  as 
a  useful  sedative  in  the  movement  of  semi 
tame  duikers.7 
This  paper  describes  the  use  of  a  com 
bination  of  xylazine  and  ketamine,  with  re 
versal  by  atipamezole.  This  drug  combina 
tion  was  chosen  because  etorphine  presents 
a  risk  to  the  handler  and  is  associated  with 
significant  adverse  effects  in  many  spe 
cies.45 
MATERIALS  AND  METHODS 
This  study  was  undertaken  using  duikers 
kept  at  the  Duiker  Research  and  Breeding 
Centre  at  Chipangali  Wildlife  Trust,  near 
Bulawayo,  Zimbabwe.  The  duikers  were 
anesthetized  to  facilitate  movement  be 
tween  enclosures  and  were  handled  hu 
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Table  1.  Grey  duiker  anesthesia  with  xylazine  and  ketamine  (inadequate  sedations). 
Sex  Age 
Mass 
(kg) 
Xylazine 
ketamine 
(mg/kg) 
Additional 
xylazine/ 
ketamine 
(mg/kg) 
Atipa 
mezole  Ratio 
(mg/kg)  (i.v.ri.m.) 
Time 
given 
(min)  H/R/F 
M 
M 
M 
M 
F 
M 
M 
4  yr  5 mo 
5  yr  7 mo 
3  yr  5 mo 
2  yr  8 mo 
1 yr  3 mo 
lyr 
1 yr  6 mo 
15.0 
15.0 
13.0 
16.5 
16.5 
13.0 
16.5 
2.0/1.7 
8.3/6.7 
11.5/9.6 
12.1/9.7 
13.6/10.9 
15.4/12.3 
16.7/13.3 
2.9/2.3a 
2.0/1.7a 
5.0/3.0* 
5.0/8.0* 
1.2/1.0" 
3.0/1.5b 
Nonec 
0.23 
0.3 
0.8 
1.0 
0.9 
0.8 
11 
17 
12 
18 
30 
25 
NRe 
75/30/39.8 
80/32/42.0 
60/34/40.4 
60/36/39.8 
90/29/42.0 
68/40/39.4 
a 
Manually  caught  since  sedation  in adequate. 
b 
Manually  caught  but  almost  sedated  adequately. 
c  Excited  induction  with  manual  capture.  Died  (see  text). 
d  H/R/T  =  heart  rate  (per min)/respiratory  rate  (per minute)/temperature  (?C). 
e  NR  =  not  recorded. 
manely  throughout  the  procedure.  Between 
10 September  and  12 October  1991,  20  cap 
tive  grey  duikers  of  mixed  ages  and  sexes 
were  anesthetized  with  combinations  of  ke 
tamine  hydrochloride  (Vetalar,  Parke-Davis 
and  Co.,  Pontypool,  Gwent  NP4  OYH, 
U.K.)  and  xylazine  hydrochloride  (Rom 
pun,  Bayer  U.K.  Ltd.,  Newbury,  Berkshire 
RG13  1JA,  U.K.). 
The  drugs  were  mixed  in  the  same  blow 
dart  and  administered  into  the  hindlimb 
musculature  using  a  blowpipe  (Telinject 
U.K.  Littleborough,  Lancashire  OL15  9EG, 
U.K.),  the  duikers  were  darted  while  in 
their  enclosures  and  had  been  habituated  to 
the  presence  of  their  daily  attendants.  Time 
to  lateral  recumbency  was  noted,  and  when 
adequately  sedated,  the duikers  were  carried 
to  a  small  room  near  the  pens.  The  depth 
of  anesthesia  was  determined  from  the  re 
sponse  to  visual,  acoustic,  and  tactile  stim 
uli.  Heart  rate  (by  auscultation),  respiratory 
rate  (by  observation  of  flank  movements), 
and  body  temperature  (using  a digital  rectal 
thermometer)  were  recorded  once  during 
the  period  of  anesthesia,  soon  after  the  an 
imals  had  been  transferred  to  the  nearby 
room.  When  anesthesia  was  inadequate, 
supplementary  doses  of  xylazine  and  ke 
tamine  were  given  intramuscularly  approx 
imately  10 min  after  the  initial  dose  as  de 
tailed  in Table  1.  When  handling  was  com 
p?ete,  immobilization  was  reversed  by  in 
jection  with  0.8-1.7  mg/kg  of  atipamezole 
hydrochloride  (Antisedan,  SmithKline  Bee 
cham  Animal  Health,  Tadworth,  Surrey 
KT20  7NT,  U.K.)  with  the  dose  split  be 
tween  intravenous  and  intramuscular  routes 
as  detailed  in Table  2.  The  duikers  were  al 
lowed  to  recover  in  individual  darkened  re 
covery  crates  with  rubber  floors.  The  time 
between  administration  of  the  antagonist 
and  when  the  duikers  first  stood  was  re 
corded. 
RESULTS 
Drug  dosages  for  each  immobilization 
and  reversal  are  given  in Tables  1  and  2. 
An  average  dose  of  13.4 mg/kg  (SD 
= 
1.8) 
of  ketamine  combined  with  16.8 mg/kg  (SD 
= 
2.2)  of  xylazine  given  intramuscularly  re 
sulted  in  adequate  anesthesia  of  13  duikers. 
The  mean  time  to  lateral  recumbency  was 
3 min  (SD 
= 
2.5).  The  level  of  anesthesia 
achieved  was  adequate  for  handling,  blood 
collection,  per-rectum  collection  of  feces, 
and  topical  treatment  of minor  wounds.  An 
imals  as  young  as  10  days  were  sedated 
without  complication.  The  mean  respiratory 
rate  for  sedated  duikers  was  32  breaths/min 
(SD 
= 
14).  The  mean  heart  rate  was  67 
beats/min  (SD 
= 
10).  The  mean  body  tem 
perature  of  the  sedated  animals  was  39.4?C 
(SD 
= 
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Table  2.  Grey  duiker  anesthesia  with  xylazine  and  ketamine  (adequate  sedations). 
Sex  Age 
Time  to 
Xylazine/  recum-  Antipam 
Mass  ketamine  bency  ezole  Ratio 
(kg)  (mg/kg)  (min)  (mg/kg)  i.v.ri.m. 
Time  Time  to 
given  standing 
(min)  (min)  H/R/Td 
M 
F 
F 
M 
F 
M 
F 
M 
M 
M 
M 
M 
M 
6  yr  4 mo 
1 yr  1 mo 
1 yr  9 mo 
6  yr 
6  yr  5 mo 
2yr 
3 mo 
6  yr 
Adult 
10  days 
3 mo 
2 mo 
3  yr  6 mo 
13.0 
12.5 
17.5 
16.0 
17.0 
13.0 
8.5 
18.0 
17.0 
7.0 
7.3 
5.0 
13.5 
15.4/12.3 
16.0/12.8 
14.3/11.4 
17.2/13.8 
16.2/12.9 
22.1/17.7 
17.6/14.1 
16.0/12.8 
16.9/13.5 
15.1/12.1 
14.7/11.7 
16.5/13.2 
20.4/16.3 
5 
3 
3 
2.5 
2.5 
3 
3.5 
10.5 
2 
1.5 
2 
1 
2 
1.2 
0.8 
0.9 
0.9 
1.2 
0.9 
0.8 
1.1 
1.5 
1.5 
1.5 
1.7 
1.7 
2: 
2: 
2: 
3.5: 
38 
22 
24 
26 
31 
32 
28 
32 
31 
28 
28 
26 
21 
2a 
27b 
15 
NOc 
19 
11 
3 
NOc 
2 
14b 
14 
13b 
5 
60/26/40.0 
65/22/41.0 
50/30/38.5 
70/26/37.8 
60/32/38.7 
65/32/39.2 
70/40/38.8 
52/34/38.2 
65/30/37.8 
NRe 
74/45/38.0 
80/34/38.7 
NRe 
a  Excited  recovery. 
b 
Prolonged  ataxia  during  recovery. 
;  NO  =  not  observed. 
d  H/R/T  =  heart  rate  (per min)/respiratory  rate  (per min)/temperature  (?C). 
s  NR  =  not  recorded. 
Atipamezole  given  as  a  split  dose  be 
tween  intramuscular  and  intravenous  sites 
was  used  at  dosages  from  0.8-1.7  mg/kg  in 
this  group,  and  the mean  time  to  standing 
was  11 min  (range:  1.3-27  min).  Quality  of 
reversal  was  variable,  with  some  animals 
showing  excited  recovery  and  others  show 
ing  delayed  recovery  with  residual  ataxia. 
The  interval  between  delivery  of  the  blow 
dart  and  administration  of  atipamezole 
ranged  from  11  to  38  min  and  represents 
the  time  taken  to  collect  necessary  samples. 
The  level  of  sedation  was  too  low  for  sat 
isfactory  restraint  in  seven  of  the  20  dui 
kers.  For  these  ineffective  immobilizations 
the  average  dosages  were  9.1  mg/kg  (SD 
= 
4.0)  of  ketamine  and  11.4  mg/kg  (SD 
= 
5.0)  of  xylazine.  Inadequate  sedation  re 
sulted  in  excitement  and  self-trauma  due  to 
collision  with  fences.  In  some  of  these  in 
stances  the  duikers  would  lie  in  lateral  re 
cumbency,  apparently  deeply  sedated,  and 
then  spring  up  and  run  when  approached. 
Six  of  the  inadequately  sedated  duikers 
were  further  dosed  with  xylazine  and  ke 
tamine  using  intramuscular  blowdart  or  af 
ter  manual  capture.  Supplementary  doses 
were  given  approximately  10 min  after  the 
inital  dose,  when  it was  clear  that  sedation 
was  inadequate.  Physiologic  values  were 
not  measured  in  these  inadequately  sedated 
duikers  since  it  was  decided  that  they 
should  be  moved  with  minimal  interfer 
ence.  Time  to  standing  was  not  recorded  for 
these  duikers  since  anesthesia  was  not 
achieved;  the  animals  were  left  undisturbed 
while  recovering  from  manual  capture.  The 
time  between  administration  of  supplemen 
tary  doses  of  xylazine/ketamine  and  admin 
istration  of  atipamezole  is given  in Table  1. 
DISCUSSION 
A  combination  of  xylazine  (16.8  mg/kg 
i.m.)  and  ketamine  (13.4  mg/kg  i.m.)  pro 
duced  a  level  of  anesthesia  adequate  for 
capture  and minor  procedures  such  as  blood 
sampling  in  13  of  the  20  duikers.  This  is  a 
high  dosage  compared  with  that  found  suit 
able  in  comparable  species  such  as Chinese 
water  deer  {Hydropotes  inermis),  for which 
xylazine  7.3  mg/kg  xylazine  with  7.2  mg/ 
kg  ketamine  was  found  to  be  adequate.6  In 
contrast  to  other  species  of  duiker,  which 
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vannah  inhabitant  and  is  a  much  more  re 
active  animal  with  a marked  flight  response. 
Because  of  this,  grey  duikers  can  be  diffi 
cult  to  keep  in  captivity;  for  example,  they 
often  run  into  the  enclosure  fences  if  dis 
turbed  (V.  J. Wilson,  pers.  comm.).  Some 
of  the  inadequately  sedated  animals  rapidly 
became  laterally  recumbent,  only  to  regain 
their  footing  and  run  when  disturbed;  this 
effect  has  been  described  in other  small  ru 
minants.36  This  well-developed  flight  re 
sponse  may  have  been  responsible  for  the 
apparent  resistance  of  the  grey  duikers  to 
sedation  with  the  drug  combination  used  in 
this  study. 
The  effects  of  xylazine  can  be  reversed 
with  alpha-2  antagonists,  such  as  yohim 
bine,610  tolazoline,  or  idazoxan.8  The  choice 
of  reversal  agent  was  limited  to  atipame 
zole,  a  potent  alpha-2  antagonist  drug  with 
an  alpha-2:alpha-l  selectivity  ratio  of 
8,526:l,9  since  other  agents  such  as  yohim 
bine  or  idazoxan  were  not  available.  No 
specific  antagonist  for  ketamine  is  avail 
able,  and  it  seems  possible  that  some  of  the 
ataxia  seen  after  anesthetic  reversal  was  due 
to  residual  ketamine,  although  there  was  no 
detectable  correlation  between  amount  of 
ataxia  and  duration  of  anesthesia.  The  dui 
kers  were  allowed  to  recover  in  darkened 
crates  and  were  not  deliberately  disturbed 
or  encouraged  to  stand;  the  wide  range 
(1.3-27  min)  in  time  taken  to  stand  after 
administration  of  atipamezole  may  have 
been  due  to  different  amounts  of  external 
stimuli,  such  as  nearby  activity  of  staff  or 
other  animals.  There  was  no  detectable  cor 
relation  between  the  time  taken  to  stand  and 
the  duration  of  anesthesia  or  the  different 
dosages  of  atipamezole  used.  The  incidence 
of  excitable  recovery  was  low  and  was  not 
correlated  with  the  amount  of  atipamezole 
given  or  duration  of  anesthesia,  although 
atipamezole  is known  to  cause  hyper-alert 
ness  when  given  in  high  doses.9 
Data  for  heart  and  respiratory  rates  in un 
disturbed  grey  duiker  are  not  available,  al 
though  estimates  based  on  allometric  scal 
ing  equations  can  be  calculated  from  body 
weight.12  The  estimated  values  for  grey  dui 
kers  (53.5  [body  wt026])  (241  [body 
wt025])  are  a  heart  rate  of  122  beats/min 
and  a  respiratory  rate  of  26  breaths/min. 
These  calculations  are  based  on  an  adult 
duiker  with  a  body  weight  of  15  kg.  The 
mean  recorded  heart  rate  during  sedation 
was  67  beats/min,  which  is markedly  lower 
than  the  calculated  value  of  122  beats/min 
in  the  unsedated  animal.  Bradycardia  is  a 
recognized  effect  of  alpha  adrenergic  agents 
in  other  species.614  There  was  no  correlation 
between  heart  rate  and  xylazine/ketamine 
dose,  although  the  number  of  animals  in 
volved  in  this  study  was  small,  and  heart 
rates  were  recorded  only  once  during  an 
esthesia.  The  respiratory  rate  during  seda 
tion  had  a mean  value  of  32  breaths/min, 
which  is  closer  to  the  calculated  value  of 
26  breaths/min.  There  was  no  detectable  ef 
fect  of  increasing  dose  of  xylazine/ketamine 
on  respiratory  rate.  No  r?gurgitation  or  ru 
menal  tympany  were  seen  in  any  of  the  an 
imals  in  this  study,  although  occasional  hy 
persalivation  was  seen.  No  apparent  hypo 
thermia  was  recorded  during  anesthesia,  al 
though  the  temperature  of  two  duikers  rose 
to  42?C  during  sedation  (this  was  counter 
acted  by  soaking  with  water).  Both  animals 
had  inadequate  sedation,  and  it  seems  likely 
that  their  hyperthermia  was  related  to  in 
creased  activity  after  blow-darting.  One  an 
imal  had  a  particularly  excited  induction 
and  died  overnight  following  a  prolonged 
recovery  (atipamezole  was  not  available  in 
this  instance)  that  was  possibly  associated 
with  hypothermia  due  to  cold  overnight 
conditions.  Postmortem  examination  was 
unremarkable,  although  histologie  and  mi 
crobiologie  examinations  were  not  possible. 
The  cause  of  death  remains  unclear. 
In  conclusion,  satisfactory  anesthesia  of 
grey  duikers  can  be  achieved  using  xylazine 
and  ketamine  (although  the  dosages  re 
quired  are  very  high)  with  reversal  by  ati 
pamezole.  This  method  is  an  alternative  to 
the  use  of  etorphine.15 
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